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ABSTRACT 

Costus  pictus  D.  Don  is  a member  of  family  Costaceae  and  commonly  known  as  Insulin  plant.  A lot  of  research 
has  been  conducted  to  evaluate  the  anti-diabetic  potential  of  this  plant  and  revealed  that  a bioactive  molecule 
tetracosonoate  extract  from  Costus  pictus  leaves  contain  anti-diabetic  activity.  It  is  vulnerable  species  in  India  and  due  to 
indiscriminate  collection  now  on  the  verge  to  extinction.  It  is  found  that  the  axillary  buds  of  Costus  pictus  are  dormant 
which  limits  it  asexual  propagation.  Tissue  culture  may  promise  to  preserve,  protect  and  multiply  this  rare  species  for 
large  scale  multiplication.  In  the  present  study,  a simple  protocol  for  rapid  mass  propagation  of  Costus  pictus  was 
standardized  using  various  concentrations  of  plant  growth  regulators  like  naphthalene  acetic  acid  (NAA), 
6-benzylaminopurine  (BAP)  and  urea  with  Murashige  and  Skoog  (MS)  medium.  The  dormancy  of  axillary  buds  were 
successfully  broken  in  stems  cultured  in  MS  medium  with  1 ppm  BAP,  0.5  ppm  NAA  (79.0%)  and  MS  medium  with  2 
ppm  BAP  (66%).  These  sprouted  in  vitro  axillary  buds  were  used  as  secondary  explants  for  shoot  multiplication. 
The  significantly  highest  numbers  of  shoots  (6.67±0.65)  per  explants,  shoot  length  (3.62±0.26  cm),  roots  number 
(9. 71+0.52)  per  plantlet  and  root  length  (5.16+0.22  cm)  was  observed  on  MS  medium  supplemented  with  1 ppm  NAA,  4 
ppm  BAP  and  10  ppm  Urea.  Primary  and  secondary  hardening  was  done  successfully.  The  micro-propagated  plantlets  do 
not  show  any  visible  morphological  abnormalities. 
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INTRODUCTION 

Costus  pictus  D.  Don  (syn.  Costus  igneus  Nak,  Costus  mexicanus  or  Costus  congenitus),  a perennial 
herbs  belonging  to  Costaceae  (Zingiberaceae)  family,  grows  up  to  height  of  two  to  three  feet1. Popularly  known  as 
Insulin  plant  where  as  its  botanical  name  is  Costus  pictus  D.  Don1'2.  The  flowers  appear  on  branches  tip  and 
orange  in  colour,  ultimately  develops  into  cone  like  fruits3.  It  originally  belong  South  and  Central  America 
(Mexico)  and  was  introduced  to  India4  . In  southern  India,  it  usually  grows  as  an  ornamental  plant  and  its  leaves 
are  used  as  a dietary  supplement  in  the  treatment  of  diabetes  mellitus5'6.  The  aerial  part  of  Costus  pictus  is  used  as 
an  infusion  for  the  treatment  of  renal  disorder  by  the  practitioners  in  Mexico7.  The  leaf  of  this  plant  was  reported 
to  contain  many  antioxidant  components  likes  ascorbic  acid,  flavonoids  and  also  rich  source  of  iron'3.  A study 
conducted  by  Nandhkumar  J et  al.,2007  on  rat,  and  a similar  study  conducted  by  Remya  R and  Daniel  M,  2012, 
revealed  that  the  methanol/water  extract  of  this  plant  contain  many  phytochemicals  such  as  Carbohydrates, 
Proteins,  Alkaloids,  Tannins,  Glycosides,  Saponins,  and  Flavonoids9'10.  A lot  of  research  work  has  been  conducted 
on  time  to  time  and  proven  that  majority  of  the  chemical  extracted  from  Costus  pictus  and  its  related  species  are 
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anti -diabetic  in  nature7' 9' 11-21 . Also  it  has  been  proven  by  many  studies  that  the  extract  of  C.  pictus  has  therapeutic  potential 
such  as  Anti-cancer,  Hypolipidemic,  Anti-microbial,  Diuretic,  Ameliorative,  activity  ’ ’ . Costus  pictus  D.  Don  is  an 

important  rare  medicinal  plant  and  about  to  extinction  due  to  its  habitat  destruction,  deforestation,  over  exploitation  and 
indiscriminate  collection  for  commercial  uses.  Its  conventional  propagation  is  very  deliberate  because  the  seeds  are 
nonviable,  low  rate  of  seed  germination  and  low  successes  rate  of  vegetative  propagation2.  Alternative  methods  like  Plant 
Tissue  Culture  will  be  helpful  to  achieve  large  rate  of  multiplication  which  leads  to  its  conservation.  Very  limited  study  for 
the  micropropagation  has  been  done  and  multiplication  rate  was  not  very  satisfactory.  The  present  experiment  was 
conducted  to  establish  a simple  and  efficient  protocol  for  micropropagation  of  Costus  pictus  D.  Don  and  emphasized  to 
achieve  higher  rate  of  multiplication. 

MATERIALS  AND  METHODS 

The  nodal  segment  and  rhizome  segment  used  as  explants  in  this  study  were  collected  from  the  experimental  field 
of  Patanjali  Bio  Research  Institute,  Haridwar,  Uttarakhand,  India.  These  explants  were  first  kept  under  running  tap  water 
for  lOminutes  and  then  washed  in  double  distilled  water  with  2-3  drops  of  Tween  20  for  10  minutes.  These  explants  were 
further  sterilized  with0.1%  (w/v)  mercuric  chloridefor  3-4  minutes  under  the  laminar  flow  after  which  they  were  rinsed 
thrice  with  sterile  distilled  water.  Explants  were  given  a fresh  cut  and  made  into  pieces  ranging  in  size  from  1 .0  to  1 .5  cm 
long  and  inoculated  on  to  MS  medium26  supplemented  with  various  Plant  Growth  Regulators  (PGRs),  sucrose  30  g L-l  and 
8 g L-l  agar.  The  pH  of  the  media  was  adjusted  to  5.8  before  being  autoclaved  at  121°C  for  20  min  and  15  lbssq  inch-1 
pressures.  All  cultures  were  incubated  at  25±2°C  under  24  hr  (day/night)  photoperiod  for  first  40  days  and  then  10  hr  for 
rest  of  period  with  light  supplied  by  white  fluorescent  tubes  (2500  lux).  Subculturing  was  carried  out  after  every  5 weeks 
by  trimming-off  roots. 

Culture  Establishment  and  Bud  Initiation 

MS  media  supplemented  with  1 ppm  Benzyl  Amino  Purine  (BAP),  0.5  ppm  Naphthalene  Acetic  Acid  (NAA)  in 
combination  with  3%  sucrose  and  MS  medium  supplemented  with  2 ppm  BAP  in  combination  with  3%  sucrose  were 
tested  in  case  of  Costus  pictus  D.  Don.  Fifteen  replicates  were  taken  for  the  above  experiments  and  repeated  twice. 

Shoot  Multiplication  and  Rooting 

After  2 weeks  on  initiation  medium,  the  initiated  buds  were  excised  and  trimmed  upto  0.4-0. 6 cm  long  before  to 
transferred  in  MS  medium  supplemented  with  3%  sucrose  in  combination  with  2 ppm  BAP.  The  shoot  buds  obtained  from 
above  medium  of  Costus  pictus  D.  Don  were  excised  after  2 week  and  subcultured  in  medium  supplemented  with  4 ppm 
BAP.  Finally  the  contaminated  explants  were  eliminated  and  only  healthy  shoot  buds  were  taken  to  subcultured  in  MS 
medium  supplemented  with  3%  sucrose  with  three  different  PGRs  combination  viz.  1 ppm  NAA  + 4 ppm  BAP  + 10  ppm 
Urea,  2 ppm  BAP  and  4 ppm  BAP.  The  shoot  buds  were  subcultured  twice  at  the  interval  of  40  days  on  the  same  medium 
combination.  Ten  replicates  were  taken  for  the  above  experiments  and  repeated  twice. 

Statistical  Analysis 

The  statistical  analysis  was  accomplished  by  using  the  SPSS  statistical  software  package  and  the  data  were 
recorded  after  10  weeks  of  bud  initiation.  Data  were  examined  for  any  significance  using  ANOVA  and  the  differences 
contrasted  using  Tukey’s  comparison  tests  at  1%  and  5%  probability  test. 
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RESULTS 

Initiation  of  bud 

Rhizome  (basal)  nodes  and  stem  nodes  were  collected  during  the  month  of  October,  2014.  Explants  collected 
during  April-September  showed  bud  initiation  within  20-25  days  but  those  collected  during  October  showed  bud  initiation 
after  10-15  days.  The  basal  part  showed  bud  induction  frequency  significantly  higher  than  stems  cultured  on  the  same  day 
of  collection,  however,  fungal  and  bacterial  contamination  was  higher  in  basal  part  than  stems.  Single  nodal  explants  were 
cultured  on  MS  media  supplemented  with  1 ppm  BAP,  0.5  ppm  NAA  in  combination  with  3%  sucrose  and  MS  medium 
supplemented  with  2 ppm  BAP  in  combination  with  3%  sucrose.  The  bud  induction  frequency  (79%)  was  achieved  for  the 
combination  of  0.5  ppm  NAA  andl  ppm  BAP  in  comparison  to  66  % for  2 ppm  BAP  supplemented  MS  medium. 
(Table  1,  Figure  la). 

Effect  of  Growth  Regulators  Combination  on  Shoot  Multiplication  from  Single  Explants 

After  25  days  on  bud  initiation,  the  developed  auxiliary  buds  were  transferred  on  MS  medium  supplemented  with 
different  combination  of  growth  regulators  (BAP,  NAA  and  Urea)  for  further  growth  and  proliferation.  The  excised  buds 
were  trimmed  before  to  transfer  on  fresh  medium.  A clear  cur  shoots  differentiation  were  observed  in  transferred  buds 
within  two  week  in  all  PGRs  combination.  Also  swelling  was  found  at  the  base  of  transferred  bud  within  7-10  days. 
The  buds  were  cultured  on  the  same  media  for  another  10  weeks  and  data  were  recorded  for  multiple  shoots.  The  best 
shoot  multiplication  response  per  explants  was  accomplished  in  1 ppm  NAA,  4 ppm  BAP  and  10  ppm  Urea  (Table  2).  In 
this  medium  6.67+0.65  shoots  (average)  were  obtained  from  a single  bud  whereas  3.05+0.17  shoots  were  recorded  for 
medium  supplemented  by  4 ppm  BAP.  Minimum  average  number  of  shoots  (2.1+0.20)  was  observed  for  medium 
supplemented  with  2 ppm  BAP. 

Effect  of  Growth  Regulators  Combination  on  Shoot  Length 

The  different  combination  of  growth  regulators  in  present  or  absent  of  Urea  had  significant  effect  on  the  shoot 
length.  Proliferated  multiple  shoots  of  about  0.5  -1.0  cm  long  were  excised  and  sub-cultured  on  agar  gelled  MS  medium 
containing  different  combination  of  growth  regulators  viz.  2 ppm  BAP,  4 ppm  BAP  and  lppm  NAA,  4 ppm  BAP  with  10 
ppm  Urea.  The  longest  shoots  (3.62+0.26  cm  long)  was  observed  in  medium  supplemented  with  1 ppm  NAA,  4 ppm  BAP 
and  10  ppm  Urea  followed  by  2.87+0.22  cm  for  medium  supplemented  by  4 ppm  BAP  (Table  2).  Minimum  average  length 
of  shoot  (1.67+0.18  cm)  was  recorded  for  medium  supplemented  with  2 ppm  BAP 

Effect  of  Growth  Regulators  Combination  on  Roots  Number  and  Length 

Shoots  on  the  medium  supplemented  with  1 ppm  NAA,  4 ppm  BAP  and  10  ppm  Urea  were  continued  for  next  4 
weeks  and  root  number  were  scored.  The  regenerated  multiple  shoots  (1.4-2. 9 cm  long)  on  medium  supplemented  2 ppm 
BAP  and  4 ppm  BAP  were  excised  and  transferred  to  MS  medium  fortified  with  1 ppm  NAA.  After  2 weeks  roots 
induction  was  observed  and  found  that  the  developed  roots  were  small  and  hairy.  After  4 weeks  of  root  development  the 
root  number  and  length  were  recorded.  The  maximum  average  number  of  roots  (9.71+0.52)  was  observed  in  shoot  continue 
cultured  on  medium  supplemented  with  1 ppm  NAA,  4 ppm  BAP  and  10  ppm  Urea  in  comparison  to  the  shoots  transferred 
from  2 ppm  (4.80+0.20)  and  4 ppm  (4.80+0.30)  BAP  to  1 ppm  NAA  (Table  2,  Figure  lc).  Also  the  plantlets  on  1 ppm 
NAA,  4 ppm  BAP  and  10  ppm  Urea  supplemented  media  had  longer  roots  than  those  transferred  from  2 ppm  and  4 ppm 
BAP  to  1 ppm  NAA  (Table  2).  The  maximum  average  length  of  roots  in  1 ppm  NAA  + 4 ppm  BAP  + 10  ppm  Urea 
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supplemented  medium  was  5.16+0.22  cm,  whereas  it  was  1.84+0.13  cm  forshoot  transferred  from  2 ppm  BAP  to  1 ppm 
NAA  supplemented  medium  and  2.5+0.17  cm  for  shoot  transferred  from  4 ppm  BAP  to  1 ppm  NAA  supplemented 
medium  (Table  2).  The  maximum  average  number  of  multiple  shoots  was  observed  in  regenerated  shoot  continued  to 
culture  on  medium  which  had  already  supplemented  with  1 ppm  auxin  in  comparison  to  shoots  which  were  transferred 
from  the  cytokinin  medium  to  auxin  medium  in  the  same  duration. 

Hardening  of  Plantlets 

The  rooted  plantlets  were  taken  out  from  the  culture  and  washed  with  water  carefully  to  remove  the  traces  of  agar 
and  they  were  transplanted  in  culture  (jam)  bottles  containing  autoclaved  mixture  of  Co-copit,  Perlite  and  Vermicompost 
(4:2:1)  for  primary  hardening  and  incubated  in  the  same  culture  conditions.  There  was  90%  survival  of  plants  in  this 
condition.  The  well  grown  plants  were  then  transferred  to  plastic  pots  containing  sterile  mixture  of  Sand,  Soil  and 
Vermicompost  (1:3:2)  for  secondary  hardening  (Figure  le).  The  plantlets  were  irrigated  with  tap  water  twice  in  a week  for 
a total  period  of  two  weeks  to  complete  the  acclimatization  process.  There  was  80%  survival  of  plants  during  secondary 
hardening. 

CONCLUSIONS 

Nodal  segment  culture  has  been  successfully  reported  in  numbers  of  medicinal  and  ornamental  plants  like  Stevia 
rebaudiana “ " , Withania  somnifera  ' , Coleus  forkohlii  etc  and  tree  species  like  Wrightia  tomentosa  , Azadiracta 
indica  ~ and  also  in  bamboo  species  like  Dendrocalamus  longispathus  and  D.  giganteus  . It  has  already  been  reported 
that  the  nodal  segments  of  Costus  speciosus  show  bud  initiation  and  shoot  multiplication  in  medium  supplemented  with 
BAP,  NAA  and  AdS36.  The  present  study  reveals  that,  both  bud  initiation  and  shoot  multiplication  is  possible  in  media 
supplemented  with  BAP,  NAA  and  Urea.  Dining  this  experiment,  it  was  observed  that  bud  initiation  frequency  was  higher 
in  stem  which  had  flowers  and  was  fully  mature.  The  higher  frequency  of  bud  break  in  the  nodal  segment  from  lower 
portion  of  the  stem  was  reported.  In  conclusion,  the  study  conducted  offers  a potential  system  for  conservation  and  mass 
propagation  of  Costus  pictus  D.  Don  from  pre-existing  nodal  meristems  as  explants.  MS  medium  containing  1 ppm  NAA  + 
4 ppm  BAP+  10  ppm  Urea  is  the  best  for  shoot  proliferation.  MS  basal  medium  supplemented  with  lppm  IAA  is  the  best 
for  root  induction.  The  use  of  nodal  segment  provides  an  alternative  source  for  micropropagation  of  Costus  pictus  and  can 
be  beneficial  than  other  explants  (Rhizomes,  leaves  etc.). 
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Table  1:  Effect  of  Different  Levels  of  BAP  Alone  or  in  Combination  with 
NAA  on  Bud  Induction  of  Costus  Pictus 


Treatment  (PPM) 

Bud  Break  (%) 

BAP 

NAA 

Sucrose  (%) 

1 

0.5 

3 

79.0 

2 

3 

66.0 

Table  2:  Effect  of  Different  Levels  of  BAP  Alone  or  in  Combination  with  NAA  and  Urea  on  Shoot 

Multiplication  and  Rooting  of  Costus  Pictus  in  MS  Medium.  Means  Followed  by  Same  Letters  in 
Column  are  Not  Significantly  Different  at  P<0.05,  According  to  Tukey’s  HSD  Comparison  Test 


Treatment  (p] 

pm) 

No.  of  Shoots 
(Mean  ± S.E.) 

Shoot  Length  (cm) 
(Mean  ± S.E.) 

No.  of  Roots 
(Mean  ± S.E.) 

Root  Length  (cm) 
(Mean  ± S.E.) 

BAP 

NAA 

Urea 

4# 

1 

10 

6. 67+0. 65a 

3. 62+0. 26a 

9.7 1+0. 52a 

5. 16+0. 22a 

3.05+0. 17b 

2. 87+0. 22b 

4. 80+0. 30b 

2.5+0. 17b 

2* 

2. 1+0. 20c 

1.67+0. 18c 

4.80+0.20cb 

1.84+0. 13c 

# Culture  continued  on  same  media  without  subculture. 


Transfer  from  2 ppm  of  BAP  to  1 ppm  NAA  for  root  induction 
Transfer  from  4 ppm  BAP  to  1 ppm  NAA  for  root  induction 


Figure  1:  Micropropagation  of  Costus  Pictus  in  MS  Medium  with  4 Ppm  BAP  + 1 Ppm  NAA  + 10  Ppm 

Urea  (A)  Axillary  Bud  Sprouting  from  Node  Segments  (B)  Axillary  Shoot  Proliferation,  (C)  Root 
Induction  in  Plantlets,  (D)  Single  Plantlets  during  Hardening,  (E)  Secondary  Hardened  Plantlets 
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